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Introduction
Severe sepsis and septic shock are common causes of death among patients admitted to intensive care units (ICUs) [1, 2] . Acute kidney injury (AKI) is an independent risk factor for death in these patients [3] . Persistent systemic inflammation, immunoparalysis and secondary infections are thought to play key roles in sepsis-related organ dysfunction [4] ; indeed, an imbalance between pro-(e.g. IL-1 and 6, TNFα) and anti-inflammatory (e.g. IL-4 and 10) cytokines may be associated with a worse clinical outcome [5] . Unselective removal of inflammatory and anti-inflammatory mediators by means of blood purification therapies may positively impact organ dysfunction in septic patients, particularly regarding hemodynamic and respiratory functions [6] . As such, continuous veno-venous hemodialysis with high cut-off membrane (HCO-CVVHD) has been used as an adjuvant therapy in septic patients with AKI [7] . The higher-than-standard pore size (i.e. >0.01μm) allows HCO to remove large molecules such as inflammatory mediators [6] . The aim of this observational study was to describe the variations in Sequential Organ Failure Assessment (SOFA) scores, and to identify baseline clinical and biochemical parameters statistically associated with early mortality in a cohort of patients with septic shock, treated with HCO-CVVHD for AKI.
Material and methods
This was an observational prospective multicenter study performed in four mixed general ICUs. The regional Ethical Board ("Comitato Etico di Area Vasta Centro, Regione Toscana") reviewed and approved the protocol for all participating centers (n˚2013/0024940). The consent for analysis and publication of clinical data have been written obtained by the patients, if conscious. If the patient was not able to sign consent forms at the study enrollment, permission for analysis and publication of clinical data was obtained before the patient's ICU discharge (for survived patients) or it was waived (for dead patients) in accordance with local ethics committee. Consent forms are stored in the ICU of the principal investigator (Prof. A. R De Gaudio).
All patients with septic shock (defined according to the Surviving Sepsis Campaign guidelines [8] ) and AKI (defined as a KDIGO stage!1 [9] ) undergoing HCO-CVVHD were considered for inclusion. Inclusion and exclusion criteria are described in Fig 1. HCO-CVVHD was performed using a Prismaflex machine (Gambro Lundia AB-Lund, Sweeden) and SepteX membranes (a polyarylethersulfone high cut-off membrane with a 1.1m2 surface area; Gambro Lundia AB-Lund, Sweeden) in all patients. Treatment parameters prescribed and actually delivered during HCO-CVVHD have been derived from memory cards within Prismaflex machines used. Clinical and biochemical observations have been limited at the first 72 hrs of treatment with HCO-CVVHD, i.e. the maximum time of treatment achievable with a single extracorporeal circuit according to the filter manufacturer. According to local routine clinical practice, HCO-CVVHD discontinuation has been decided according to recovery of clinical stability (mostly in terms of hemodynamic status) and renal function. In particular, at the end of the HCO filter life-span, if patient was clinically improved and able to maintain an adequate fluid balance/urinary flow/solute control (spontaneously or with diuretic administration), she or he was considered adequately weaned from HCO-CVVHD. On the other hand, if clinical stability was not associated with recovery of good renal function at the end of HCO life-span, HCO-CVVHD was substituted with another CRRT modality performed with a high-flux membrane (usually CVVHDF).
For sample size evaluation, the mean SOFA score in patients with AKI and sepsis, at baseline and during the following four days, was derived from the literature [10] . Assuming a mean mortality rate of 30% during the first 48 hrs of treatment, a sample size of 38 patients was needed to observe a reduction in SOFA score equal to 2.5 at 48 hrs after HCO-CVVHD initiation through a t-Student test for paired data with a power of 90% and a type I error rate of 2.5%. The SOFA score reduction equal to 2.5 has been chosen considering this as the minimal SOFA score variation with a clinical relevance.
Patients have been divided in "Survivors" and "non-Survivors" groups according to the occurrence of death during the 72 hrs of HCO-CVVHD. SOFA score, Acute Physiology and Chronic Health Evaluation (APACHE) II, clinical and biochemical data were recorded at baseline, then at 6, 12, 24, and 48 hrs after HCO-CVVHD [11] initiation; and at 24 and 48 hrs after HCO-CVVHD discontinuation. If another HCO-CVVHD treatment was required after these first 72 hrs, the latter time points were calculated from the discontinuation of the last HCO filter utilized. All parameters were described both for Survivors and non-Survivors groups. In addition, the circulating levels of inflammatory mediators (IL-6, TNF-a and IL-10) were measured at baseline, then at 24 and 48 hrs after HCO-CVVHD initiation, and at 24 hrs after HCO-CVVHD discontinuation.
The Shapiro-Wilk test was used to test the data for normality. Continuous variables were presented as mean ± standard deviation (SD) or median [I-III interquartile range] where appropriate. The variations of these parameters over time with respect to the baseline were evaluated using t-Student test for paired data or Wilcoxon signed-rank test, according to data distribution. Similarly, the differences between Survivors and not-Survivors were tested using t-Student test for un-paired data or Mann-Whitney Wilcoxon. Categorical variables were analyzed using the chi-square test and given as a percentage. For each time point, a mean Organ dysfunction during HCO-CVVHD difference (SD) was expressed to evaluate the SOFA score trend in the observed population with respect to the baseline value. Finally, the differences in baseline characteristics between groups were analyzed through univariate and multivariate regression analysis in order to identify the baseline parameters associated with survival at 72 hrs of treatment. All variables with a p value less than 0.3 at the univariate analysis have been considered for the multivariable analysis. Statistical results were expressed as p value, Odds Ratio (OR) and 95% confidence interval (95%CI). For continuous variables statistically associated with survival at 72 hrs of treatment at multivariate analysis, a ROC analysis was performed in order to analyze its accuracy in predicting outcome and to identify a cut-off value applicable in clinical practice.
Data were analyzed using STATA 9.1 software (STATA corp, 490, Lakeway Drive College Station, 77845, Texas, US).
Results
The study included 38 patients (S1 Table) enrolled from March 2013 to September 2014. Of these, 17 (44.7%) were medical and 21 (55.2%) were surgical. Table 1 summarizes baseline patients' clinical characteristics for the entire population and specifically for Survivors (N = 30) and non-Survivors (N = 8). Prescribed and delivered treatment parameters for both groups, calculated according to standard nomenclature [12, 13] , are described in Table 2 . Excluding a transient hypotension at the HCO-CVVHD initiation that occurred in 5 patients, no others adverse events have been reported during treatments. All hypotensive episodes have been mostly attributed to the blood filling into the extracorporeal circuit; they did not require further increase of vasoactive drugs and spontaneously recovered. Exogenous replacement for albumin or coagulation factors were necessary for none of the observed patients during treatments.
At the HCO-CVVHD initiation (baseline), the mean SOFA score was 12.03±3.02. During treatment, the mean±SD values of SOFA score were 10. Table 3 . TNFα and IL-6 significantly decreased during the treatment, particularly for Survivors (p<0.05; see Table 3 and Fig  3) . At multivariate logistic regression analysis the baseline serum lactate (p = 0.03, OR 1.45, 95%CI [1.01-2.06]) and initial KDIGO stage (p = 0.04, OR 7.79, 95%CI[0.93-65.4]) were independently associated to 72 hrs-ICU mortality. A ROC analysis for baseline lactate levels has shown a ROC-AUC equal to 0.79 (95%CI, 0.57-1.00). Sensitivity and specificity related to the different baseline lactate levels were calculated. With a sensitivity equals to 75% and a specificity equals to 90%, a baseline lactate level of 5.2 mmol/l was identified as the cut-off value that best distinguishes between patients who survived and those who died after 72 hrs of HCO-CVVHD. Every patient not-survived during this observational study dead during HCO-CVVHD. The cumulative hospital mortality rate for the entire cohort was 39.5%.
Discussion
It is well known that an adequate source control and an effective antibiotic treatment are the only etiological therapies able to improve patient survival [8, 14, 15] . However, in selected cases, extracorporeal blood purification therapies (e.g. HCO-CVVHD) may positively affect clinical outcome through multiple effects, including the reduction in inflammatory burden and restoring immunocompetence [16] . In this prospective, observational, cohort, multicenter study, a significant improvement in organ function as assessed by trends of SOFA score over time has been observed for patients with septic shock and AKI during treatment with HCO-CVVHD. The reduction in SOFA score was observed early during the treatment, persisting up to 48 hrs after discontinuation of HCO-CVVHD. Lactatemia and a higher KDIGO stage of AKI were independently associated to short-term mortality.
The effects of HCO membranes in septic patients with AKI have been tested previously, with conflicting results [17] . The lack of a standardized definition of HCO membranes (e.g. high permeability, super high-flux) and the different settings and/or treatment modalities may explain these non-homogeneous clinical results [7] .
For standardization purpose, "high cut-off membranes" are nowadays defined as membranes with a cut-off value that approximates the molecular weight of albumin (i.e. 60 KDa) after blood exposure [12, 13, 18] . This feature is important to achieve clinically relevant clearance of "filterable" toxins, such as inflammatory mediators [7, [19] [20] [21] .
Several small experimental and clinical studies have shown that the application of extracorporeal therapies with HCO filters in septic patients with AKI may improve organ function. The pilot study by Morgera et al. showed significant reductions in APACHE II and Multiple Organ Dysfunction Score (MODS) in patients filtered with HCO membranes versus standard high-flux membranes [22] . In a retrospective study, we have previously shown a reduced need of vasoactive drugs/mechanical ventilation and better short term survival during HCO-CVVHD in patients with septic AKI sustained by gram-negative bacteria [23] . Furthermore, in a randomized controlled trial involving 30 septic patients with AKI, it was demonstrated that HCO-hemofiltration significantly reduced 48 hrs-SAPS II with respect to baseline [24] . Nevertheless, no definitive evidence of reduced long-term mortality has been established for HCO-CVVHD [6, 7, 23] .
In our study, variations in SOFA score and reduced need for vasopressors were the hallmarks of efficacy of treatments in terms of organ dysfunction improvement. Indeed, we observed a significant SOFA score reduction (greater than 2.5 points) already at 48 hrs of HCO-CVVHD treatment (see Fig 2) . Although the observational nature of this study does not allow to univocally advocate this effect to HCO-CVVHD, some considerations can be done. The observed reductions in SOFA score was greater than the mean reduction reported for similar septic patients not treated with HCO-CVVHD [10] . A more pronounced and earlier reduction in SOFA score has been observed among Survivors than non-Survivors patients (Fig  2) . Of note, SOFA score lowered as earlier as in 6 hours in treated survivors, reaching significance in 12 hours: making it an early predictor of survival during HCO-CVHHD (see Fig 2) . This observed reduction was more pronounced and earlier even to that described in literature for septic patients with AKI and a favorable ICU outcome not treated with HCO-CVVHD [10] . This may suggest a possible positive effect of HCO-CVVHD in our population. Consistently, the improvement of SOFA score was associated with improved hemodynamics and a significant reduction in vasoactive need, in particular norepinephrine [23,25] (see Table 3 ). In Survivors, a significant reduction of norepinephrine dose was already evident 6 hours after HCO-CVVHD initiation. In several studies, hemodynamic stability has been correlated with the reduction of inflammatory mediators obtained with HCO [26] . In particular, an effective transmembrane removal of inflammatory mediators by means HCO, has been demonstrated for IL-6 and TNF-a [27] [28] [29] . Similarly, also in this cohort of septic patients, median values of TNF-a and IL-6 significantly lowered during HCO-CVVHD (p<0.05, see Table 3 ). We are aware that, because of the observational nature of this study, a causal correlation between the reduction of inflammatory mediators and HCO-CVVHD cannot be univocally defined. Interestingly, this effect was particularly evident for Survivors, paralleling the reduction in SOFA score and norepinephrine (Table 3 ). Indeed, considering that no differences were observed between groups for IL-6 or TNF-a levels before the HCO-CVVHD initiation, we cannot assume that baseline cytokine levels might be considered as outcome predictors in our patients. Nevertheless, the statistically significant reduction exclusively observed among survivors, might suggest that an early reduction of cytokine levels during the treatment might be a potential predictor for positive outcome during HCO-CVVHD. Although clinical fascinating, this cytokines reduction during extracorporeal treatments has not been univocally related to positive outcome in septic patients; furthermore, considering the high costs and the limited laboratory feasibility for cytokine analysis, the reduction in circulating cytokines might unlikely be proposed as predictor in the ICU clinical routine practice. The observed ICU-mortality was lower to that expected from literature and based to baseline APACHE II score. In particular, with a baseline APACHE II score of 37.55±3.55 (37.6 ±3.06 and 38±2.92 for Survivors and non-Survivors, respectively), a 71% mortality rate could be expected in this population. Interestingly, overall, we observed an in-hospital mortality rate Organ dysfunction during HCO-CVVHD of 39.5%. The identification of specific baseline patients' characteristics associated with early (72 hrs) ICU-mortality during HCO-CVVHD may be of prognostic values for physicians using this invasive extracorporeal treatment. The initial KDIGO-AKI stage and serum lactate levels were independently associated with survival at 72 hour of HCO-CVVHD. The baseline values of serum lactate concentration were different between the groups: 2.4 vs 6.3 mEq/l in Survivors and non-Survivors, respectively. In light of this, it would be expected that serum lactates concentration (particularly values higher than 5.2 mmol/l) and AKI stage correlate with mortality. It can be thus speculated that early initiation of extracorporeal treatment, at lower degrees of global hypoxia and organ dysfunction, may positively affect the outcome [30] [31] [32] [33] . In light of this, even though the observational nature of the study does not allow to correlate clinical improvements with HCO-CVVHD, our results suggest that HCO-CVVHD may retain a positive clinical effect in patients with septic AKI. Clearly, results on these outcomes cannot be generalized for all septic patients. Indeed, although the mean SOFA score observed by Carbonell et al. [10] (used for sample size calculation) is consistent with those observed in other important studies on similar population as ALBIOS [34] , EUPHAS [35] or even in the most recent ABDOMIX [36], a wide dispersion of SOFA score values has been observed, also within each single study. As a consequence, SOFA score utilized for sample size evaluation might not necessarily align that observed in our septic shock population, and thus potentially underpowering this study.
Conclusions
HCO-CVVHD was associated with a significant reduction in SOFA score in a cohort of patients with septic shock and AKI. This effect was evident early during the treatment and associated with a significant reduction of circulating inflammatory mediators, such as IL-6 and TNF-a. Serum lactate levels and the initial stage of AKI were statistically associated to 72 hrs-ICU mortality. 
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